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Dermacentor reticulatus belongs to the sub-order Ixodida and family Ixodidae. These are so called hard ticks, which have a scutum on the back of their body. Both males and females are white with alternately brown splashes. An adult female is 3.8 - 4.8 mm when unfed, and 10 mm in length when engorged. The adult male is about 4.2 – 4.8 mm in length, and an unfed nymph is approximately 1.4 – 1.8 mm in length. Sheep, cattle, dogs, horses, pigs and sometimes humans act as the hosts of this tick. In general, the nymphs and larvae feed on smaller mammals, such as insectivores and occasionally birds. The geographical distribution of D. reticulatus is Europe (12). 

1.1.1 Life cycle
D. reticulatus is a three host tick. Depending on the environmental conditions, it can complete its lifecycle in 1-2 years. The tick feeds once in each of the larval, nymphal and adult life stages. When engorged, it drops off the host, moults and reacquires a host. Mating occurs on the host.  When fertilized, the female feeds for 7-10 days before dropping off, finding a sheltered spot, and laying approximately 4000 eggs. Hereafter she dies. Laying the eggs takes approximately 6-40 days, depending on the environmental conditions (humidity, temperature). After 2-3 weeks, the larvae hatch from the eggs and will feed for about 3 days on the host. Then they drop off and moult into the nymps. The nymp again feeds for several days, before dropping off to become an adult (12).

1.1.2 Pathogenesis
D. reticulatus is a vector of many different pathogens. Particular in cattle it is an important ectoparasite. D. reticulatus can transmit Babesia divergens, B. ovis, Theileria ovis, Francisella tularensis, Brucella, Rickettssia conorii, and Anaplasma ovis in cattle. In dogs it is a vector for Babesia canis (12).

1.2 Rhipicephalus sanguineus
Rhiphicephalus sanguineus, also known as the brown dog tick, belongs to the sub-order Ixodida and family Ixodidae. This tick species is yellow-redish or blackish brown in color. Unfed adults may be 3 – 4.5 mm in length. Fully engorged females can reach a length up to 12 mm.
R. sanguineus is originally believed to be from Africa, but has spread all over the world nowadays. The most common host of this species is the dog, but also other mammals may act as host. Predilection sites on the dog are the ears and between the toes (12). 

1.2.1 Life cycle
Like D. reticulatus, this species also has a three-host life cycle. Mating takes place on the host. After fertilization, the female feeds itself for about seven days, drops off from the host, and lays approximately 4000 eggs in a sheltered place. After that, she dies. Eggs are often found at higher altitude due to the females’ behavioral tendency to crawl upwards. After 17-30 days, the eggs hatch and the larvae crawl out. The larvae will feed for about 4 days on a host in the following year, they then drop off and moult into the nymphal stage in approximately 5-23 days. In the third year, the nymphal stage feeds for 4-9 days on a host, drops of and moults into the adult stage. With optimal environmental conditions, the life cycle takes place in only 63 days, in which case, multiple generations may occur each year. When the environmental conditions are adverse, unfed larvae can survive for as long as 9 months, unfed nymphs for 6 months and unfed adults for 19 months (12).

1.2.2 Pathogenesis
R. sanguineus can transmit B. canis and Erlichia canis to dogs. It also can cause tick paralysis in dogs. It is possible that it can also transmit many protozoal, viral and Rickettsial infections to animals and man. These include Theileria equi and B. caballi to equines, Anaplasma marginale in North America, Hepatozoon canis of dogs, coxiella burnetii, Rickettsia conorii, R. canis, R. rickettsii, Pasteurella tularensis, Borrelia hispanica and viruses that cause Nairobi sheep disease and other viral diseases of sheep in Africa.  In cattle it can also transmit Theileria parva, and in pigs Babesia perroncitoi and Babesia trautmanni. In some areas in the USA and Mexico R. sanguineus transmits Rocky mountain spotted fever (3). 

1.3 In vitro feeding systems
To be able to do research to the effectiveness of good working acaricids or the transmission of tick-borne diseases, it is necessary to be able to feed ticks. For this, one can use laboratory animals. The disadvantage of using animals is that the animal welfare is affected negatively. A tick bite can induce direct damage, such as blood spoilage, dermatitis, discomfort and paralysis provoked by neurotoxins liberated by the tick during feeding, and indirect damage such as transmissible diseases (6). Secondly, the conditions under which the experiment is carried out, are less controllable. Every individual animal is different and the external factors such as temperature and humidity are not easy to control either. For this reason, in vitro feeding systems are introduced. Benefits of in vitro feeding are that fewer animals are needed. With in vitro feeding, animals are only used to take blood from and if needed hair. Also the conditions in which experiments are carried out are more controllable, so a clearer view can be obtained about pathogen transmission. The temperature and humidity are easily adjusted to the optimal tick conditions and every experiment can be carried out following a protocol. Furthermore, the costs are lower than with in vivo feeding of ticks (4).

Before the introduction of artificial membranes, experiments had to be carried out on laboratory animals. In 1993, the first silicone membrane for hard ticks was introduced by Habedank and Hiepe (2). Before the introduction of silicone membranes, artificial membranes and membranes made of animal skin (9) or the air cell membrane of an embryonated hen egg were used (7). 
Because of the silicone membrane, higher attachment rates, engorgement, detachment, moulting of different life stages and oviposition were seen (4). On such membrane the life-cycle of Amblyomma hebrauem was completed in vitro in 1995 (5).
 
For several years successful research had been done to in vitro feeding methods for ticks. 
There was made use of silicone membranes to imitate the elasticity of the skin. In this way, ticks can attach and feed themselves through the membrane. The elasticity also makes it possible for the tick to attach and detach, without causing the membrane to leak. This system is developed by Kröber and Guerin for the Ixodus ricinus tick in 2007 (4). With some adjustments, this system also can be used for other tick species. 

1.4 Objective of this research
The objective of this research is to make a Standard Operating Procedure (SOP) for in vitro feeding of Rhipicephalus sanguineus. In order to do so, it is necessary to find out under which conditions R. sanguineus can be fed. 




2. Materials and methods
2.1 Ticks 
For this research, 310 adult D. reticulatus; 173 males and 137 females, and 40 R. sanguineus; 20 males and 20 females were used. The Dermacentor reticulatus used in F1 and F2 were from a batch from January 2013.  Thereafter the ticks were complemented with ticks from the November 2012 batch and March 2013. In feeding 8 and feeding 9 Rhipicephalus sanguineus were also used. Every feeding unit always contained five female and five male ticks except in F10, in which two units within each 10 D. reticulatus males were used as well.
2.2 Membranes
To make good membranes, kitchen foil was tightly stretched and taped over a glass plate (40 x 30cm) so there were no wrinkles. Then eight Tiffen lens cleaning papers (70 x 120 mm) were taped on the kitchen foil, with equal distance from each other. 
The silicone substance, from which the membrane is made, was made from E4 silicone glue (15 gram), silicone oil (4,5 gram), 15%Hexane (2,9 gram) and a drop of color paste (0,25 gram). With this amount, sixteen membranes were be made. The ingredients were well mixed, and put on a piece of cardboard which was taped on the table. With a scraper or filling knife, the silicone substance was equally spread over the cleaning papers see figure 1. It was important to ensure equal pressure and keep the scraper in the same angle in order to get the same thickness over the entire membrane. The membranes needed to dry for twenty-four hours at room temperature before they could be used.

Before taping the membranes to the lid of a six well plate, the thickness of the membranes was measured. Only membranes that were between 70 – 100 µm were useable. When measuring the membranes, the 17 µm from the kitchen foil had to be subtracted. The measurements of the membranes were marked on the edges of the lid (10). From one good silicone membrane, six feeding units could be made.

2.3 Feeding Units
The feeding units were handmade from Plexiglas by WSV Kunststoffen BV. It is a tube with a height of 45 mm, a diameter of 26 mm; a wall thickness of 2 mm and an acrylic glass ring around it at 4 mm from one side, see figure 2 (10). The units fit in the six well plates, without touching the bottom of the plate. This way, the blood can surround the membrane, so the ticks could feed themselves.

The feeding units were glued to the membranes with silicone glue (E4). The side that is closest to the ring towards the membrane. The silicone glue was put on a piece of cardboard, spread out with a scraper, and with a twisting motion, the units were placed in and removed from the glue. This way, the glue was equally spread on the bottom of the units. If parts of the unit were not coated in glue, the glue was put on the unit with a paintbrush. Hereafter the units were pressed firmly on the membranes. Glue on the inside of the bottom was removed using a small paintbrush. The units had to be left to dry at room temperature for three hours before they could be used. 
After three hours, the units were cut loose carefully using a pair of scissors. The outside edges had to be really smooth, cut exactly around the unit. The thickness of the membrane was noted on the outside of the unit. 


Before the units could be used, they were tested for leakage. The kitchen foil had to be removed first. Then the units were placed in a six well plate filled with distilled water for about twenty minutes. If after twenty minutes no droplets of water had formed on the inside of the units, the units were used for the in vitro feeding. If droplets did form, the unit was not used for the experiment. 
After checking for leakage and rinsing the units with 70% ethanol (the latter was only done in feeding 1, 2 and 3), they were ready for use. Ticks were carefully placed in the units, and the unit was closed using a bonbon (see below). This had to be done with considerable caution, so that the ticks did not get crushed between the bonbon and the membrane. The bonbon was put in the feeding unit until approximately 5 – 10 mm above the membrane. 

2.4 Blood 
Every week, a new feeding was started. Every starting day, fresh blood was taken at the Utrecht University (Faculty of Veterinary Medicine, Department of Farm Animal Health). The blood was collected from two cows. Every other week the cows were used alternately. It was important that the animals where the blood was taken from were not treated with anti-parasitic drugs. The blood was taken from the vena Jugularis using a sterile needle, a catheter and a 250 or 500 ml bottle. Before puncturing the skin, it was cleaned with alcohol. To defibrinate the blood it was immediately stirred with a 10 ml pipette for about twenty minutes. This way the blood clot attached to the pipette, and could be thrown away.
Back in the laboratory, 2g/L D (+) glucose, and 5µl/10 ml gentamicine was added and mixed with the blood.  The bottleneck and the opening of the falcon tube were hold in a blue flame to prevent contamination. The blood was divided over 50ml falcon tubes. On the tubes the origin of the blood, the date the blood was collected and the additives were written. The blood was stored in a refrigerator at 4ºC.
In F6, also 0,6mg/ml ATP was added to the blood, because this is a potential attachment stimulus according to several other researches (1, 3, 5). 

2.5 Attachment stimuli
In the experiment, different attachment stimuli were used. In feeding one, only cow perfume and a membrane rubbed on a cow were used. From feeding 2 on, also cow hair or in case of the R. sanguineus dog hair was added in all units.  
The hair was cut from the back of the same cow the blood was taken from. It was cut in small pieces (2 -10 mm) and a small amount was placed on the membrane of the feeding unit just before the ticks were getting in.
For membrane rubbing, also the same cow that the blood was taken from was used. The membranes were rubbed over the area around the flanks of the cow until they looked brownish and enough smell was attached to the membrane. In F8, the membranes were rubbed over the back, the ears and the belly of a dog for several minutes. 
The dog perfume was made by filling a 500ml bottle with 100% ethanol. As many dog hairs as possible were added to the ethanol. In order to let the ethanol absorb the dog smell, only after four days the hairs were filtered out of the ethanol using a piece of organza paper. Because the smell was not very concentrated, an Erlenmeyer with ethanol was placed in the fume hood. This way the ethanol could evaporate partially and the smell would be more concentrated. After eleven days the resting ethanol with dog smell was filtered using a coffee filter and stored in a closed bottle. The filtering was done, because the ethanol contained a lot of debris. 
The cow perfume was made the same way, but the ethanol had evaporated for twenty days, so the cow smell was a bit more concentrated. 





To make sure the ticks could not escape the feeding units, bonbons were made. This was done by cutting off the edges of a perforated stopper, and wrapping an organza paper around it. The organza paper was fixed with a wire. The bonbons fitted the units precisely, see figure 3.

2.7 Waterbath and aquarium
To create the right circumstances, a waterbath and aquarium were used. The waterbath was filled with Milli-Q water and the temperature was set at 39.5ºC.The aquarium stood in the middle of the waterbath, filled with potassium sulphate solution (120 gram/Liter) until just below the waterlevel of the waterbath. There was a thermometer in the aquarium, to measure the water temperature. The humidity was measured by a device hanging in the aquarium, above the potassium sulphale solution. This way, the conditions could be monitored. With the waterbath set at 39.5 ºC, the temperature of the solution was 38-38.5ºC and the humidity was between 84-88%. However, from feeding 8 onwards, the thermometer did not seem to work properly. This is possibly because of the fluid that entered the thermometer because of the high humidity in de aquarium. 

To ensure the humidity stayed high enough, a triangular cap was placed over the aquarium, and another cap was placed over the waterbath. 
When the feeding units are placed in the waterbath, a dark blanket is placed over the waterbad and aquarium, to create 24hour darkness. 

2.8 Start in vitro feeding
When working with blood, the flow cabinet was used. The flow cabinet was turned on fifteen minutes before and fifteen minutes after using it.
The blood, stored in the refrigerator, was vortexed for several seconds before it was pipetted in the six wells plate. The outer four wells were filled with 3.1ml blood. To warm up the blood, the well plate was placed in the aquarium for twenty minutes.
After being warmed up, the feeding units were slowly and carefully placed in the wells filled with blood. First one side of the unit and then slowly the other. Attention was paid to air bubbles below the membrane. If air bubbles were present, the feeding unit was pulled out and put back in again until the bubbles were gone. When all the units were placed correctly, the wells plate was placed in the aquarium where it could float on the potassium sulphate solution (10). 
 

2.9 Refreshing blood and taking blood samples
Twice daily, once in the morning and once in the afternoon, the blood in the wells was refreshed and it was checked whether or not ticks were attached or had died. The findings were recorded in an excel sheet, and details were noted in a logbook. The new six well plates were prepared and warmed up as described above. In F1 and F2, the old blood was collected in a tube and thrown in a waste bin for contaminated items. From F3 on, the old blood was collected to research to the transmission of several pathogens amongst which Rickettsia, Anaplasma and Erhlichia (see below). The blood was collected in a 2 ml Eppendorfcups and stored in the freezer at -20°C. The Eppendorfcups were marked with date, time, unit and feeding number.  

2.10 DNA extraction
Before one is able to check which pathogens are present in the blood by Reverse Line Blot Hybridisation, DNA had to be extracted from the blood. Only the blood from units where ticks have been seen attached to the membrane was used for this. The DNA-extraction was carried out following the UCTD protocol ‘DNA-isolatie uit bloed’ (see appendix  4.3.1.) This protocol was followed to step 7, hereafter the DNA extraction was continued to the UCTD protocol ‘DNA isolatie uit teken’ from step 12 (see appendix 4.3.2.). This was because the blood still contains fragments of coagulated blood. After this the DNA was used for Polymerase Chain Reaction. 

2.11 Polymerase Chain Reaction (PCR)
After DNA-extraction, PCR could be performed. This way specific pieces of DNA-strands can be amplified, so that there will be enough DNA to analyze (8). The PCR was carried out by Michiel Wijnberg, following the UCTD protocol of ‘PRC ter behoeve van de Reverse Line Blot (RLB) hybridisatie (see appendix 4.3.4.). The products of the PCR were used for the RLB hybridization. 
2.12 RLB	
RLB hybridization is used for the detection and differentiation of specific pathogens. The RLB was carried out following the UCTD protocol ‘Reverse Line Blot (RLB) hibridisatie (see appendix 4.3.4.). 
The membrane contains species-specific oligonucleotide probes. They are covalently bound to the membrane with 5’ terminal C6-aminolinker. The PCR products are applied to the miniblotter perpendicular to the direction of the species-specific oligonucleatides. This way the PCR product can bind with the specific oligonucleotides. 
To remove the unbound PCR-products, the membrane was washed. The bound PCR-products can be made visible using the PCR-primer bound biotin label. The Biotin-label is present at the site where the PCR-product is hybridized to the probe. This can be detected by incubation with its streptavidin ligand conjugated to en enzymatic label. Hereafter the blot must be incubated with peroxidase substrate, ECL. After adding ECL, a reaction takes place in which light is produced. This can be detected on a suitable film. After development of the film, spots occur at sites where the PCR-products were bound to the species-specific oligonucleotides. To check whether the RLB hybridization was performed correctlyor not, two positive controls were used; AE control and B control (13, 8).
Results of the RLB hybridization can be found in appendix 4.1.






The goal of this feeding was to see whether or not the D. reticulatus ticks would attach to the membrane. A total of four units were used, with in each unit 5 female and 5 male D. reticulatus ticks. The stimuli used to make the membranes more attractive to the ticks were cow perfume in units 1 and 2, and rubbing the membrane over the area around the flanks of a cow in units 3 and 4. The perfume was sprayed in the unit twice and the membrane was rubbed until the it looked brownish. 
The plate was placed in a aquarium that stood in a waterbath. The temperature of the waterbath was set at 39.5°C. However it was not checked what the temperature of the water in the aquarium was. Het humidity in the aquarium was between 80% and 85%.
Every day the blood was refreshed twice, once in the morning and once in the afternoon. When refreshing the blood, the units were checked for death or attached ticks.
After 8.45 h, most ticks were found on the bonbons instead of the membranes. This happened to be the same after 24.45 h, after 48.30 h and after 72.15 h. Eventually after 80.15 h, four ticks had attached to the membrane, of which one was half engorged. The other ticks still preferred the bonbons over the membranes. One of the ticks had died in unit 1. See table 2. 

Unit 1
In this unit, one female tick was attached to the membrane on the last day of feeding; after 80.15 h. No other ticks had attached. Feces were found in the units.

Unit 2
In unit 2, no ticks were seen attached and no tick feces were found.

Unit 3
In unit 3, one male tick was attached to the membrane on the last day of feeding, after 80.15 h. Feces were found in this unit.

Unit 4










Unit	Membrane thickness	Stimuli	Blood	Tick species	Adult ♂	Adult ♀	Total number of ticks
U1	Between70-100 µm	Cow parfume	Cow 0266	Dermacentor reticulatus	5	5	10
U2	Between70-100 µm	Cow parfume	Cow 0266	Dermacentor reticulatus	5	5	10
U3	Between70-100 µm	Rubbed	Cow 0266	Dermacentor reticulatus	5	5	10
U4	Between70-100 µm	Rubbed	Cow 0266	Dermacentor reticulatus	5	5	10
Table 1. UCTD F1 2013 SB start data D. reticulatus adults







































Table 2. UCTD F1 2013 SB results U1 t/m U4 
3.2 Feeding 2

For this feeding, the ticks that were not seen attached to the membrane from last week, were used again. Ticks that did not seem active enough were replaced by new active ticks. The feeding units were made following a protocol. Units 1 and 2 were sprayed twice with cow perfume. Units 3 and 4 were rubbed over the back of the cow from which the blood was taken. Furthermore, the temperature of the waterbath and the humidity was checked  every time the blood was refreshed. The temperature was between 37°C and 38.5°C. The humidity was between 83% and 88%. In every unit, small pieces (1 - 5 mm) of cow hair were added. The hair was cut freshly from the cow that the blood was taken from. 
From the first day on, ticks were crawling on the membranes of unit 1 and 3, and the second day after 19.30 h a total of five ticks had attached. In unit 2 and 4 none of the ticks were seen attached, but one tick in unit 4 had died. In unit 2 and 4, the ticks stayed at the bonbon most of the time. Also no feces were found in unit 2 and 4, while in unit 1 and 3 lots of feces were present. Day 4 another tick had died, this time in unit 1. 

Unit 1
This was a unit with a perfumed membrane. This unit contained two new male ticks. The other ticks were used last week. 





This was a unit with a perfumed membrane. For this unit only, ticks from last week were used. None of the ticks attached or died and no feces were found. The ticks preferred the bonbons over the membrane. 

Unit 3
This was a unit with a membrane rubbed over the back of the cow. It contained one new female and the rest were ticks from last week.
After 19.30 h two male and one female tick had attached to the membrane and after 27.30 h, two males and two females were attached.  After 43.30 h, three male and three female ticks were attached to the membrane. After 51.30 h, one female tick had detached itself, so only three male and two female ticks were still attached to the membrane. After 67.30 h, three males and four females were attached to the membrane.  After 75.30 h, three males and two females were attached. At the last day of the feeding after 91.30 h, four male and four female ticks were attached to the membrane and at the end of the feeding; after 99.30 h, four male and three female ticks were still attached. Two of the female ticks were half engorged. None of the ticks in this unit had died.

Unit 4
This was a unit with a rubbed membrane. Ticks from last week were used again, but one male and one female tick were replaced by new active ticks.
No ticks attached in this unit, but one female tick had died after 19.30 h. Also in this unit the ticks preferred the bonbon over the membrane and no feces were found.

Discussion
In this feeding, attachment was only seen in unit 1 and unit 3. The only similarity between these units was that the membrane thickness of both units was 90 µm, while the membrane of unit 2 was 86 µm and the membrane of unit 4 was 80 µm. The difference in thickness of the membrane between unit 1 and 3 and unit 2 and 4 is so small, that it is unlikely that this caused the low attachment rates in unit 2 and 4. Furthermore unit 1 was sprayed while in unit 3 the membrane was rubbed over the back of a cow, and in all units, cow hair was added. Based on that, one cannot tell whether the ticks prefer rubbed or sprayed membranes. Although the percentage of ticks that was still attached in unit 1 was slightly lower than in unit 3 at the end of the feeding. 
All the membranes and feeding units were made by the same person, following the protocol, so it is unlikely that there are marked differences between them. For now there is no obvious reason why the ticks did get attached in unit 1 and 3, but not in unit 2 and 4. 










Unit	Membrane thickness	Stimuli	Blood	Tick species	Adult ♂	Adult ♀	Total number of ticks
U1	90 µm	Cow perfume+ cow hair	Cow 0267	Dermacentor reticulatus	5	5	10
U2	86 µm	Cow perfume+ cow hair	Cow 0267	Dermacentor reticulatus	5	5	10
U3	90 µm	Rubbed+ cow hair	Cow 0267	Dermacentor reticulatus	5	5	10
U4	80 µm	Rubbed+ cow hair	Cow 0267	Dermacentor reticulatus	5	5	10
Table 3. UCTD F2 2013 SB start data D. reticulatus adults










































Table 4. UCTD F2 2013 SB Results U1 t/m U4
3.3 Feeding 3

This week, eight units were used instead of four. Four of the units (U1, U2, U5 and U6) were rubbed on the back of a cow, and four units (U3, U4, U7 and U8) were sprayed twice with cow smell. This was done to determine whether the ticks have a preference for either rubbed or sprayed membranes since this was not evident last week. If they have a preference for the sprayed units, this would make the starting procedure less time consuming and everything could be carried out in the laboratory.
Ticks from last week that were still living and active were used again for this experiment, death or inactive ticks were replaced by new active ticks. Besides looking at attachment and mortality rates, blood samples were also taken to perform DNA-extractions, PCR and RLB hybridization on. Results of the RLB hybridization can be found in appendix 4.2. The temperature in the aquarium was between 36˚C and 38˚C and the humidity between 84 and 87%.
Day two of feeding, after 17 h, unit 1 and unit 2 were cracked, but no blood leaked into the feeding units so the feeding was continued with these units. Unit 5 and unit 6 were also cracked and were leaking because of that. At the end of day two; after 24.15 h, unit 5 leaked so much that the ticks drowned. After 41.15 h, unit 6 was also filled with blood that leaked into the unit, so all ticks drowned. Unit 1 started to leak after 49 h, but the blood stayed around the bonbon so the ticks did not drown. In all units but unit 3, ticks were attached and in unit 1, 3 and 8 one tick died (drowned ticks not included). 

Unit 1
The membrane of this unit was rubbed over the back of a cow. Three new males and two new females were added. 





This unit also contained a cow-rubbed membrane. No ticks from last week were replaced.
After 17 h, four male and two female ticks were attached to the membrane, no blood was collected, so no RLB hybridization could be performed. After 24.15 h, two males and four females had attached to the membrane. The RLB hybridization was positive for Ehrlichia / Anaplasma catch-all.  After 41.15 h, only two males were still attached to the membrane, the RLB was still positive. After 49 h, two males and one female were attached, the RLB hybridization was positive again for Ehrlichia / Anaplasma catch-all. At the end of the feeding; after 65 h three male ticks were attached to the membrane, there were seen no positive results with the RLB hybridization. 

Unit 3
The membrane of this unit was sprayed with cow-smell. The ticks from last week were complemented with four new male and three new female ticks.
No ticks attached during the feeding, but one male tick had died after 17 h. Because of a lack of attachment, no RLB hybridization was performed on the blood of this unit.

Unit 4
This unit also contained a sprayed membrane. Last weeks’ ticks were complemented with one new male and one new female. 
After 17 h, one male tick seemed to have attached. No blood was collected, so no RLB hybridization could be performed after 17 h. After 24.15 h, one male and one female tick had attached to the membrane. The RLB hybridization was positive for Ehrlichia / Anaplasma catch-all. After 41.15 h, one male and one female were attached to the membrane. The RLB hybridization was still positive. After 49 h, again one male and one female were attached to the membrane and the RLB was still positive.  At the end of feeding; after 65 h, still one male and one female tick were attached to the membrane, but the RLB hybridization no longer showed positive results. None of the ticks in this unit died.

Unit 5
The membrane of this unit was rubbed over a cow, and all ticks were new.
After 17 h, two female ticks attached to the membrane. Unfortunately the unit started to leak after 24.15 h and all the ticks died, so no further data was obtained from this unit and no RLB hybridization was performed.  

Unit 6
The membrane of this unit was rubbed over a cow, and the unit contained only new ticks.




This unit contained a membrane sprayed with cow smell. All the ticks were new.
After 41.15 h, the first male tick was attached. However, the RLB hybridization was already positive for Ehrlichia / Anaplasma catch-all after 24.15 h. So it is possible that ticks did attach without being seen. The RLB hybridization was still positive after 41.15 h. After 49 h, one male tick was attached to the membrane, and the RLB was slightly positive for Ehrlichia / Anaplasma catch-all. After 65 h, no ticks were attached anymore and the RLB hybridization showed no positive results. No ticks died in this unit.

Unit 8
This unit contained a membrane sprayed with cow smell. All ticks were new.
After 17 h, one male and one female tick were attached and one male tick had died. No blood was collected, so no RLB hybridization could be performed after 17 h. After 24.15 h, two female ticks were attached to the membrane. The RLB hybridization was positive for Ehrlichia / Anapalsma catch-all. After 41.15 h, one female tick was attached to the membrane, the RLB hybridization was positive again for Ehrlichia / Anaplasma catch-all. After 49 h, one female tick was attached, and the RLB hybridization was no longer positive. After 65 h, still one female tick was attached and the RLB hybridization was not positive for anything.

Discussion 	
At the end of the in vitro feeding, it was not possible to tell whether ticks preferred rubbed or sprayed membranes because of the fallout of unit 5 and 6 which both contained membranes rubbed over a cow. However, at the end of the feeding more ticks were still attached to the cow-rubbed membranes compared to the membranes sprayed with perfume. 






Unit	Membrane thickness	Stimuli	Blood	Tick species	Adult ♂	Adult ♀	Total number of ticks
U1	87 µm	Rubbed + cow hair	Cow 0266	Dermacentor reticulatus	5	5	10
U2	85 µm	Rubbed + cow hair	Cow 0266	Dermacentor reticulatus	5	5	10
U3	85 µm	Cow perfume + cow hair	Cow 0266	Dermacentor reticulatus	5	5	10
U4	76 µm	Cow perfume + cow hair	Cow 0266	Dermacentor reticulatus	5	5	10
U5	82 µm	Rubbed + cow hair	Cow 0266	Dermacentor reticulatus	5	5	10
U6	83 µm	Rubbed + cow hair	Cow 0266	Dermacentor reticulatus	5	5	10
U7	88 µm	Cow perfume + cow hair	Cow 0266	Dermacentor reticulatus	5	5	10
U8	78 µm	Cow perfume + cow hair	Cow 0266	Dermacentor reticulatus	5	5	10























































Table 6. UCTD F3 2013 SB Results U1 T/m U8
3.4 Feeding 4

Because two of the units fell out last week, this week the same research setting was used.
The units which contained sprayed smell were sprayed twice, four days before the start of the in vitro feeding. This was done, because it takes a while for the ethanol from the spray to evaporate. The day that the in vitro feeding was started, the units were sprayed one last time, to obtain a fresh cow smell. The temperature in the aquarium was between 87.5˚C and 38.5˚C and the humidity between 83% and 84%
At the beginning of day two ticks had already attached to the membrane in unit 4, 5 and 6. All the membranes of these units were rubbed not sprayed. In the units 1, 2 ticks attached later and in unit 7 and 8 none of the ticks were seen attached to the membrane.  Also a total of nine ticks had died during this feeding. This mortality rate is too high. 

Unit 1
The membrane of this unit was sprayed with cow smell. One new female was added to complement the ticks.
At the end of day one; after 3.5 h, the unit was cracked and started leaking, so five ticks had died. Because it was the beginning of the feeding, a new feeding unit was put in. The dead ticks were replaced and the feeding was continued.
	After 43.30 h, the first tick; a male, was seen attached to the membrane. However, the RLB hybridization was positive for Ehrlichia / Anaplasma catch-all from 27.15 h onward. So it is possible that a tick did attach, without it being seen.  After 52.30 h, two female ticks were attached and one female tick had died. The RLB hybridization was still positive for Ehrlichia / Anaplasma catch-all. After 69.30 h, two males and two females were attached to the membrane. The RLB hybridization no longer was positive. At the end of feeding; after 76.15 h, three males and two females were attached, the RLB was negative again. 

Unit 2
This unit contained a membrane sprayed with cow smell. All ticks used were from last week. 
The first tick was seen attached after 27.15 h; one male tick. However the RLB hybridization was positive for Ehrlichia / Anaplasma catch-all after 19.45 h, after 27.15 h the RLB hybridization was negative. From 27.15 h on, no attachment was seen anymore. However, the RLB hybridization was positive for Ehrlichia / Anaplasma catch-all after 43.30 h. After 52.30 h, the RLB hybridization was negative and stayed negative. Also one male had died after 27.15 h. After 43.30 h, another female tick had died. 

Unit 3
The membrane of this unit was rubbed over a cow. One new male was added to complement the ticks.
The first ticks were attached to the membrane after 27.15 h; three male and one female tick. However, the RLB hybridization was already positive for Ehrlichia / Anaplasma catch-all after 19.45 h and still positive after 27.15 h.  After 43.30 h, one male and one female were seen attached to the membrane, also one male had died. The RLB hybridization was still positive for Ehrlichia / Anaplasma catch-all. After 52.30 h, two males and one female were attached to the membrane, but the RLB had turned negative. After 69.30 h, three males and one female were attached to the membrane, the RLB was still negative.  And after 76.15 h, still three males and one females were attached to the membrane also one male tick had died after 76.15 h. The RLB was still negative.

Unit 4
The membrane in this unit was rubbed over a cow.  Only ticks from last week were used.
After 19.45 h two female and two male ticks were attached to the membrane and the RLB was positive for Ehrlichia / Anaplasma catch-all. After 27.15 h two males and four females were attached to the membrane. The RLB had turned negative. After 43.30 h, two males and four females were attached to the membrane, the RLB still showing negative result. After 52.30 h, still two males and four females were attached to the membrane, and the RLB still was negative. After 69.30 h nothing had changed, two males and four females were attached, and the RLB was negative. Only one male had died. After 76.30 h, two male and four female ticks were attached to the membrane and three male ticks had died. The RLB hybridization was negative again.

Unit 5
The membrane of this unit was rubbed over a cow. All ticks used were new.
The first ticks were seen attached after 19.45 h; one male and two female ticks. The RLB was negative. After 27.15 h, one female tick had died and only one male tick was attached to the membrane. The RLB hybridization was negative. After 43.30 h, two male and one female tick were attached to the membrane. The RLB hybridization was positive for Ehrlichia / Anaplasma catch-all. After 52.30 h, one male and one female tick were attached to the membrane. The RLB hybridization was negative again. After 69.30 h, two male and three female ticks were attached to the membrane, the RLB hybridization was still negative. And after 76.15 h, one male and three females were attached, the RLB hybridization was negative again. 
The RLB hybridization was positive for Ehrlichia / Anaplasma catch-all for the first time at t= 43.30.  At t= 52.30, t= 69.30 h and t= 76.15 h, the signal was negative.

Unit 6
The membrane of this unit was rubbed over a cow, all ticks were new.
After 19.45 h, two male and two female ticks were attached to the membrane, the RLB hybridization was negative. After 27.15 h, four males and two females were attached to the membrane. The RLB hybridization was slightly positive for Ehrlichia / Anaplasma catch-all. After 43.30 h, four males and two females were attached, the RLB hybridization was positive for Ehrlichia / Anaplasma catch-all. After 52.30 h, three males and two females were attached to the membrane, the RLB hybridization was negative.  After 69.30 h, four males and two females were attached to the membrane. The RLB hybridization was negative, and after 76.15 h, three males and one female were attached to the membrane, the RLB hybridization was negative again. 

Unit 7
The membrane of this unit was sprayed. All ticks used, were from last week.
No attachment was seen in this unit, but a total of one male and two female ticks had died.

Unit 8
The membrane of this unit was sprayed. One new female was added to the ticks from last week.
No attachment was seen in this unit, but a total of three male ticks had died.

Discussion




Unit	Membrane thickness	Stimuli	Blood	Tick species	Adult ♂	Adult ♀	Total number of ticks
U1	75 µm (aftert=3,5; 96 µm)	Cow perfume +cow hair	Cow 0267&0266	Dermacentor reticulatus	5	5	10
U2	81µm	Cow perfume+ cow hair	Cow 0267&0266	Dermacentor reticulatus	5	5	10
U3	84 µm	Rubbed+ cow hair	Cow 0267&0266	Dermacentor reticulatus	5	5	10
U4	82 µm	Rubbed+ cow hair	Cow 0267&0266	Dermacentor reticulatus	5	5	10
U5	82 µm	Rubbed+ cow hair	Cow 0267&0266	Dermacentor reticulatus	5	5	10
U6	79 µm	Rubbed+ cow hair	Cow 0267&0266	Dermacentor reticulatus	5	5	10
U7	91 µm	Cow perfume+ cow hair	Cow 0267&0266	Dermacentor reticulatus	5	5	10
U8	75 µm	Cow perfume+ cow hair	Cow 0267&0266	Dermacentor reticulatus	5	5	10









































































Table 8. UCTD F4 2013 SB Results U1 T/m U8
3.5 Feeding 5

Since the sprayed membranes did not seem to attract the ticks as much as was intended, the intention is to find out how to make them more attractive. After all, this method will be much less time-consuming, so it is preferred over the rubbing. Therefore  the purpose of this feeding was to optimize the use of cow smell in the feeding units. In the experiments carried out before, the smell was sprayed in the units. This way, not only the membranes, but also the walls were covered in cow smell. With a tube slightly smaller than the feeding unit, this could be prevented. Unfortunately, when trying this out, it appeared that the end of the tube also contains perfume, so when taking the tube out, the walls were still spread with the cow smell. To prevent this, a pipette was used. This way, one can tell exactly how much smell is added to the membrane, and nothing else but the membrane will contain the perfume
Because it takes a while for a somewhat greater amount of perfume to evaporate, the choice was made, to add one part of the smell, the Friday (three days) before a new feeding was started, and the other part the morning the feeding was started. This way, the unit would smell good, while the waiting time for the ethanol to evaporate is much shorter. 
Another adjustment to let the ethanol evaporate much faster was by using a heating block and ventilator (see figure 8). The units in which the smell was added, were placed on the lid of a six wells plate. This lid was placed on top of a heating block and the ventilator was directed to the units. Both the heat and the airflow caused the ethanol to evaporate very rapidly. Indeed,  0.5ml ethanol had evaporated within one hour. During this hour, the blood could be prepared, the waterbath preheated and the ticks sorted. The ventilator was set at speed two, and the heating plate was set at 7 (about 85°C).
This week, four units were used for the experiment. In each unit, 5 male and 5 female ticks were placed. Ticks from unit 1 to 4 from last week, were complemented with new ticks. A total of 1 ml cow smell was pipetted to the membranes of all units; 0,5ml the Friday the week before the feeding was started and 0,5ml the morning the feeding started. Also, like the feedings before, a small amount of cow hair, cut into little pieces was added to the feeding units. The temperature in the aquarium was between 37˚C and 38.5˚C and the humidity was between 84% and 87%. 
This week no control group was used, because previous feedings proved the ticks did attach well on rubbed membranes. After less than 24 hours ticks started to attach. Unfortunately the attachment rates in this feeding were very low and the mortality high. After 46.5 hours, a total of eight ticks had died, while only six ticks had attached. During the feeding the number of dead ticks accrued to twenty-one. 

Unit 1
Ticks from the previous feeding were used, and complemented with one new female. 
After 46.30 h, the first ticks were seen attached to the membrane; one male and one female tick. Also two males and two females had died. The RLB hybridization showed positive results for Ehrlichia / Anaplasma catch-all.  After 53.30 h, one male and one female were attached, the RLB hybridization was positive again. After 70.30 h, only one female was still attached to the membrane, while one more male and one more female had died, making a total of three males and three females. The RLB hybridization had turned negative. After 78.15 h, one female was attached to the membrane. The RLB hybridization still was negative. After 95 h, another female tick was dead, while still one female tick was seen attached. No RLB hybridization was performed after 95 h. At the end of the feeding; after 101 h, no more ticks were attached, and three male and four female ticks had died.

Unit 2
Ticks from previous feeding were used, and one new male and two new females were added.
Although no ticks were seen attached before 46.30 h, the RLB hybridization turned slightly positive for Ehrlichia / Anaplasma catch-all after 22.30 h. After 30 h, still no ticks were attached, but the RLB hybridization showed clear positive result for Ehrlichia / Anaplasma catch-all. After 46.30 h, the first tick was seen attached to the membrane. It was one female tick. Also two males and one female tick had died. The RLB hybridization still was positive. After 53.30 h, one male tick was attached to the membrane and the RLB hybridization was positive. After 70.5 h, still one female was attached to the membrane, and three male and three female ticks had died. The RLB hybridization was still positive for Ehrlichia / Anaplasma catch-all. After 78.15 h, no ticks were attached to the membrane but two males and another female tick had died. The RLB hybridization had turned negative. After 95.0 h, no ticks were attached to the membrane. No RLB hybridization was performed after 78.15 h. At the end of the feeding no ticks seemed to be attached to the membranes, and a total of three males and four female ticks had died.

Unit 3
Ticks from previous feedings were used and complemented with one new male. 
After 17 h, the RLB hybridization was positive for Ehrlichia / Anaplasma catch-all although the first tick was seen attached to the membrane after 70.30 h. The RLB hybridization stayed positive until after 78.15 h. After 78.15 h, one female tick was attached to the membrane and a total of one male and two females had died. As just mentioned, the RLB hybridization was negative. After 95 h, two males were attached to the membrane. No RLB hybridization was performed after 78.15 h. At the end of the feeding; after 101 h, one male tick was still attached to the membrane and a total of one male and two female ticks had died.

Unit 4
Ticks from previous feedings were used, two new males were added and one new female. 





Overall, ticks should not die during in vitro feeding, but they did. It is possible that this might be because these ticks were used in previous feedings. Every time a feeding ended or started, ticks were manipulate with tweezers. Also the environmental conditions fluctuated between 38°C when ticks were used in an experiment, to approximately 11˚C when stored over the weekend.





Unit	Membrane thickness	Stimuli	Blood	Tick species	Adult ♂	Adult ♀	Total number of ticks
U1	88 µm	1ml Cow smell +cow hair	Cow 0267	Dermacentor reticulatus	5	5	10
U2	86 µm	1 ml Cow smell+cow hair	Cow 267	Dermacentor reticulatus	5	5	10
U3	87 µm	1 mlCow smell+cow hair	Cow 0267	Dermacentor reticulatus	5	5	10
U4	80 µm	1 ml Cow smell+cow hair	Cow 0267	Dermacentor reticulatus	5	5	10
Table 9. UCTD F5 2013 SB start data D. reticulatus adults



















































This week, the smell was added to the units in the same way as in feeding 5. 0,5 ml was added on the Friday before the first day of the feeding, and the other 0,5 ml was added the day that the in vitro feeding started. A pipette was used for adding the smell to the membrane. This way the walls of the unit and the bonbon would stay ‘cowsmell-free’.  Ticks and little pieces of cow hair were placed in the units after the ethanol was completely evaporated. As additional attachment stimuli, ATP (0,6 mg per 1 ml blood) (9) was added to the blood. The temperature of the aquarium was between 37˚C and 39˚C and the humidity was between 77% and 85%.
In the evening of the day that the feeding had started, it seemed like the ticks crawled on the membrane, searching for a nice place to attach. Unfortunately at the beginning of day two (after 22,0h), thirteen ticks had already died and only one tick seemed to be attached to the membrane.
After 29,5 h, fourteen ticks had died.  Because the ticks used in this feeding were used in feedings before, the decision was made to replace the dead and less active looking ticks by new fresh ticks. A total of eleven new males and ten new females were used after 46.0 h. 





Ticks from last feeding were used, which were complemented with three new males and four mew females. 
No ticks were attached in this unit during the feeding, but after 22 h, six ticks had already died; three males and three females. After 46 h, five males and four females were replaced. Hereafter no ticks died, nor did they attach.

Unit 2
Ticks from last feeding were used, which were complemented with two new males and four new females.
No ticks did attach during the feeding, but after 22 h, two ticks had died; one male and one female. After 46 h, three males and two females were replaced by new ticks. Hereafter no more ticks died, nor did they get attached to the membrane.

Unit 3
Ticks from last feeding were used, which were complemented with one new male and two new females. 
No ticks did attach during the feeding, but after 22 h, two ticks died; one male and one female. After 46 h, three ticks died; two males and one female. The dead ticks were replaced. Hereafter, no ticks attached, but one male tick had died after 70 h, and at the end of the feeding another tick had died, making a total of two dead ticks; one male and one female. 

Unit 4
Ticks from last feeding were used, which were complemented with two new males and three new females. 
After 22 h, one male tick was attached to the membrane and three female ticks died. No ticks were seen attached after 29.30 h. After 46 h, the death and non-active ticks were replaced by one new male and three new females. Hereafter, one male tick died after 70 h and after 77.30 h, two more ticks were death; one female and one male making a total of three dead ticks. At the end of the feeding, still two males and one female ticks died.

Discussion
The results of this week were disappointing. Only one tick was seen attached and lots of ticks had died. 
It is possible that the mortality rate was high because the ticks were used too many times before. Every time a tick is used, it is handled at least twice a week when placing them in the unit or placing it back into the stove. By handling the tick, it might be damaged, with as a result death or inactivity. Therefore, from this moment on new ticks were used every time a new feeding was started. Hopefully the number of dead ticks will be limited this way, and attachment rates will increase.
Another factor that could have caused the high mortality rate is the ethanol. Possibly the ethanol was not entirely evaporated, because when checking the feeding units, the cow hairs seemed to be stacked to each other. This might be an indicator for fluid or high humidity in the unit. Next feeding, this will be taken in to account and the ethanol will be given extra time to evaporate completely. 
The ATP did not seem to stimulate the ticks to attach to the membrane. 




Unit	Membrane thickness	Stimuli	Blood	Tick species	Adult ♂	Adult ♀	Total number of ticks
U1	75 µm	1ml Cow smell +cow hair+ATP	Cow 0267	Dermacentor reticulatus	5 + 5	5 +4	19
U2	74 µm	1 ml Cow smell+cow hair+ATP	Cow 267	Dermacentor reticulatus	5 + 3	5 + 2	15
U3	77 µm	1 ml Cow smell+cow hair+ATP	Cow 0267	Dermacentor reticulatus	5 + 2	5 + 1	13
U4	79 µm	1ml Cow smell+ cow hair+ATP	Cow 0267	Dermacentor reticulatus	5 + 1	5 + 3	14
Table 11. UCTD F6 2013 SB start data D. reticulatus adults


















































This feeding was performed to obtain lower mortality rate and an increase in attachment rates. Because last week 0,5 ml smell was added twice, and the number of death ticks increased, it was decided to reduce the amount of smell to 0,5 ml, the day the in vitro feeding was started. Also, after the ethanol seemed to be evaporated, another thirty minutes was waited before checking the units for leakage and placing the ticks and cow hair inside. All ticks used in this feeding were not used in feedings before.
Only cow smell and cow hair was added to the units as attachment stimuli. No ATP was added to the blood this time, because it did not seem to have a positive effect on the attachment rates. The temperature of the aquarium was between 38˚C and 39˚C and the humidity was between 79% and 85%.
After 22.30 h, three ticks were attached to the membrane, and none of the ticks were dead. During the feeding, there was attachment every time the units were checked, but the ticks  did not stay attached to the membrane. It was very variable which tick was attached and which was not. The attachment rate was not high, but the mortality rate was lower than the weeks before. Unfortunately still more ticks had died than were attached.

Unit 1
After 22.30 h, two ticks were attached to the membrane; one male and one female. The RLB hybridization was negative. After 30.30 h, no ticks were attached and the RLB hybridization was still negative. After 46.30 h, no ticks were seen attached and the RLB hybridization was negative. After 54 h, no ticks were attached and the RLB hybridization was still negative. After 70.30 h, one male tick was attached again. The RLB hybridization however was still negative. After 78 h, no ticks were attached and the RLB hybridization was still negative. After 94.30 h, one male and one female were attached, there was still no positive result from the RLB hybridization. At the end of the feeding, after 101 h, one male and one female were attached. The RLB hybridization still was negative. No ticks had died in this unit. 

Unit 2
After 22.30 h, one male tick was attached to the membrane, the RLB hybridization was negative. After 30.30 h, one male and one female tick were attached .The RLB hybridization was still negative. After 46.30 h, one male was still attached to the membrane and there were no changes in the RLB hybridization. After 54 h, one male was attached to the membrane and the RLB hybridization was negative. After 70.30 h, no ticks were attached and the RLB hybridization was still negative. After 78 h, no ticks were attached and no positive results were obtained from the RLB hybridization. After 94.30 h, one male was attached again, the RLB hybridization was still negative and at the end of the feeding; after 101 h, no ticks were attached and one female tick had died. No transmission had occurred according to the RLB hybridization.

Unit 3
After 46.30 h, one female tick was attached to the membrane. The RLB hybridization was negative. After 54 h, one female tick was still attached to the membrane. The RLB hybridization was still negative. After 70.30 h, one male tick was attached and  the RLB hybridization still was negative. After 78 h, one male tick was still attached and one female tick had died. The RLB hybridization was negative. After 94.30 h, no ticks were attached and the RLB hybridization was still negative. At the end of the feeding; after 101 h, no ticks were attached to the membrane but one male and one female tick had died. The RLB hybridization had no positive result.  

Unit 4






Unit	Membrane thickness	Stimuli	Blood	Tick species	Adult ♂	Adult ♀	Total number of ticks
U1	79 µm	0.5 ml Cow smell + cow hair	Cow 0266	Dermacentor reticulatus	5	5	10
U2	78 µm	0.5 ml Cow smell+cow hair	Cow266	Dermacentor reticulatus	5	5	10
U3	79 µm	0.5 ml Cow smell+ cow hair	Cow 0266	Dermacentor reticulatus	5	5	10
U4	79 µm	0.5 ml Cow smell+ cow hair	Cow 0266	Dermacentor reticulatus	5	5	10























































In this feeding dog smell instead of cow smell was used to stimulate the ticks to attach to the membrane. Because no dog smell was available yet, the membranes were rubbed over a dog.
In this feeding, two units with ten Dermacentor reticulatus ticks and two units with ten Rhiphicephalus sanguineus  ticks were used. In the units with D. reticulatus ticks, cow hair and cow smell were added. In the units with R. sanguineus ticks, the membranes were rubbed on a dog (German Shepherd). The hair of the same dog the membrane was rubbed on, was added in the units after cutting it in little pieces. In all units cow blood was used. The temperature of the aquarium was between 38˚C and 39˚C and the humidity between 77% and 85%.
It was not possible to rub the membranes and cut the dog hair the day the feeding was started, so this had to be done one day before. The membranes were packed in paper towels, so they would not get damaged, and the paper towel with the membrane in it was placed in a plastic bag until the day the feeding was started. 
No attachment was seen in the units with the Rhiphicephalus sanguineus ticks. 
After 43.35 h, a total of two ticks were attached to the membrane, all Dermacentor reticulatus ticks. After 52.45 h, only one Dermacentor tick was still attached. After 67.45 h, four ticks were attached, but at the end of the feeding only one tick was still attached, and four ticks had died; one Dermacentor reticulatus and three Rhipicephalus sanguineus ticks.

Unit 1
This unit contained Dermacentor reticulatus ticks. The first tick was seen attached after 43.30 h, this was a male tick. After 52.45 h, one male tick was still attached to the membrane. After 67.45 h, four ticks were attached to the membrane; three males and one female. After 78.45 h, no ticks were attached anymore. After 91.45 h, only one male tick was attached to the membrane. At the end of the feeding; after 97.15 h, again one male was attached to the membrane. No ticks had died in this unit during the feeding.
Even though ticks had been attached, no positive results were obtained with the RLB hybridization. 

Unit 2





This unit contained Rhiphicephalus sanguineus ticks. During the feeding no ticks were seen attached to the membrane and no ticks had died. Because of the lack of attachment, no RLB hybridization was performed. 

Unit 4
This unit contained Rhiphicephalus sanguineus ticks. No ticks were seen attached to the membrane during the feeding, but at the end of the feeding; after 97.15 h, three ticks had died; two males and one female. It is possible the ticks had died earlier than after 97.15 h, but through the dog hair, it was not possible to see whether the ticks underneath the hair were death or alive. Because lack of attachment no RLB hybridization was performed. 

Discussion




Unit	Membrane thickness	Stimuli	Blood	Tick species	Adult ♂	Adult ♀	Total number of ticks
U1	80 µm	0.5 ml Cow smell + cow hair	Cow 0267	Dermacentor reticulatus	5	5	10
U2	84 µm	0.5 ml Cow smell+ cow hair	Cow267	Dermacentor reticulatus	5	5	10
U3	74 µm	Dog rubbed+ dog hair	Cow 0267	Rhiphicephalus sanguineus	5	5	10
U4	76 µm	Dog rubbed+ dog hair	Cow 0267	Rhiphicephalus sanguineus	5	5	10
Table 15. UCDT F8 2013 SB start data D. reticulatus and R. sanguineus adults















































This week two units with D. reticulatus and two units with R. sanguineus were used. In all units 0.5 ml dog smell was added to the membrane. Before the ticks were added to the units, they were placed in a stove outside the bowl for two hours, with a humidity of approximately 33% and a temperature of 21.4°C. This way the ticks would get ‘thirsty’ and hopefully attach faster. Because no fresh dog hair was available, hair was cut from the cow the blood was taken from and added to al four units. The temperature in the aquarium was 38°C during the feeding, but it is not sure what the humidity was. Water came into the device because of the high humidity, so it did not work properly anymore. But the waterbath was still filled with potassiumsulphate, so it should be between 80 – 90%.
The ticks seemed active during the feeding, but attachment rates kept low. The second day, a total of three ticks were attached to the membrane, but after that no more ticks were seen attached. The mortality rates were low this week, only two ticks had died.  

Unit 1
After 20.30 h one male tick was attached to the membrane. After 28.0 h, still one male tick was attached. After this, no ticks were seen attached to the membrane anymore. However after 52.0 h, one male tick had died. The RLB hybridization showed no positive results. 

Unit 2
After 20.30 h, one male tick was attached to the membrane. After 28.0 h, still one male was attached. After 44.0 h, no ticks were seen attached anymore and after 68.45 h, one female tick had died. The RLB hybridization showed no positive results. 

Unit 3
No ticks were seen attached in this unit. And no ticks had died. Because no ticks were seen attached, no RLB hybridization was performed.  

Unit 4
After 20.30 h, one female tick was seen attached to the membrane. She was still attached after 28.0 h, but after 44.0 h, no more ticks were seen attached anymore. The RLB hybridization showed no positive results. 

Discussion
Although the ticks were placed in the stove with low humidity, they did not seemed to be more attracted to the membrane as before. This might be because the time spend in the stove was rather short (two hours). Perhaps they would be more hungry if they would be placed in the stove overnight or longer. 








Unit	Membrane thickness	Stimuli	Blood	Tick species	Adult ♂	Adult ♀	Total number of ticks
U1	82 µm	0.5 ml Dog perfume+ Cow hair	Cow 0266	Dermacentor reticulatus	5	5	10
U2	82 µm	0.5 ml Dog perfume+ Cow hair	Cow 0266	Dermacentor reticulatus	5	5	10
U3	84 µm	0.5 ml Dog perfume+ Cow hair	Cow 0266	Rhiphicephalus sanguineus	5	5	10
U4	85 µm	0.5 ml Dog perfume+ Cow hair	Cow 0266	Rhiphicephalus sanguineus	5	5	10











































Because it is harder to feed Rhiphicephalus sanguineus in vitro compared to Dermacentor reticulatus, it was decided to use only the latter for this feeding.  
Ticks for this feeding were placed in the stove with humidity of 33% and temperature of 21.4°C for 94 hour. At first it was not sure if the ticks would still be alive and active if they would stay in there for so long, but only two out of forty ticks had died. They were replaced by ticks which were not dehydrated in the stove.  
Four units with ticks that were placed in the stove outside the bowel were used, each unit containing five males and five females. At the end of day one, the decision was made to use two more units for this feeding. These units each contained ten males, that were prefed on a cow. They were picked from the cow the day the feeding was started. This way a comparison could be made between prefed and dehydrated ticks. The expectations were, that both the prefed and the dehydrated ticks would be hungry and so would attach faster to the membrane. 
This week dog-smell was available and used. The day before the feeding was started 0,5 ml was pipetted on the membrane, and the day the feeding started another 0,5 ml was added. In all units little pieces of cow hair were added, and cow blood was used. 
The temperature of the water in the aquarium was between 38˚C and 38,5˚C. The humidity of the aquarium was 87% during the feeding. 
The results of this week were very disappointing. After one day, ticks already seemed less active in the feeding units and only two ticks were seen attached. 80% of all ticks had died at the end of the feeding. Because of the bad results, it was decided to end the feeding after 70.45 h. When ending the feeding, the units gave a humid impression. Ticks that were lying on their back seemed stuck to the membrane, and the cow hair was stuck together.  The ticks that were still alive, seemed more death than alive. 
Because hardly any attachment was seen, no RLB hybridization was performed. And no conclusions could be made regarding the prefed and dehydrated ticks. 

Unit 1
In this unit, dehydrated ticks were used. After 6.30 h, one male tick was seen attached to the membrane, but hereafter no ticks were seen attached anymore. After 31.15 h, one male tick had died. After 47 h, the number of death ticks was four; three males and one female, and after 55 h, six ticks had died; four males and two females. At the end of the feeding, after 70.45 h, eight out of ten ticks in this unit had died; five males and three females. 
Because no attachment was seen, no RLB hybridization was performed.

Unit 2
In this unit, dehydrated ticks were used. No ticks were seen attached in this unit. However after 31.15 h, one male tick had died. And after 47.0 h, and after 55 h, three males and two females were death. At the end of the feeding, after 70.45 h, five males and three females had died. 
Because no attachment was seen, no RLB hybridization was performed.

Unit 3
In this unit, dehydrated ticks were used. No ticks were seen attached in this unit. After 47 h and 55 h, four males and four females had died. At the end of the feeding, after 70.45 h, four males and five females had died. 





In this unit, dehydrated ticks were used. No ticks were seen attached in this unit. After 47 h and 55 h, two males and two females had died. At the end of the feeding, after 70.45 h three males and three females had died. 
Because no attachment was seen, no RLB hybridization was performed.

Unit 5
In this unit prefed ticks were used. No ticks were seen attached in this unit. After 47 h and 55 h, eight ticks had died. At the end of the feeding still eight ticks were dead.
Because no attachment was seen, no RLB hybridization was performed.

Unit 6
In this unit prefed ticks were used. After 23 h, one male tick seemed to be attached to the membrane. However thereafter no ticks were seen attached anymore. After 47 h and 55 h, four male ticks had died. And at the end of the feeding, after 70.45 h, even nine out of ten ticks were dead.

Discussion
Before the feeding was started, the ticks seemed very active, and responded well to CO2- stimulation. Based on this, it is unlikely that the poor results are because of poor a quality of the ticks that were used.  It is more likely that the smell added to the membranes caused the ticks to die. This time the same amount of smell was added as in feeding 5 and 6, when also 52.5% respectively 35% the ticks had died. It was certain that the smell was totally evaporated, since ticks from unit 5 and 6 were added after the smell had evaporate for 7 h. Nonetheless, the membrane had a moist aspect when checking the units. It is possible that the ethanol in the smell reacts somehow with the membrane, causing the membrane to get sticky and perhaps even causes toxic fumes to be released since most of the ticks were lying on their backs, see figure 9. 







Unit	Membrane thickness	Stimuli	Blood	Tick species	Adult ♂	Adult ♀	Total number of ticks
U1	88 µm	1 ml Dog smell+ Cow hair	Cow 0267	Dermacentor reticulatus	5	5	10
U2	92 µm	1 ml Dog smell+ Cow hair	Cow267	Dermacentor reticulatus	5	5	10
U3	92 µm	1ml 	Dog smell+ Cow hair	Cow 0267	Dermacentor reticulatus	5	5	10
U4	80 µm	1 ml Dog smell+ Cow hair	Cow 0267	Dermacentor reticulatus	5	5	10
U5	82 µm	1 ml Dog smell+ Cow hair	Cow 0267	Dermacentor reticulatus	10	0	10
U6	85 µm	1 ml Dog smell+ Cow hair	Cow 0267	Dermacentor reticulatus	10	0	10
Table 19 UCDT F10 2013 SB start data D. reticulatus adults
















































Because the in vitro feeding of Dermacentor reticulatus ticks did not go so well, it was not possible to feed Rhiphicephalus sanguineus ticks in vitro. First, one should be able to feed the D. reticulatus, and on that basis, a set up for R. sanguineus can be made. However, in this study feeding D. reticulatus did not go well, and the feeding of  R. sanguineus also failed.
Because the feeding failed, it is not possible to make a Standard Operating Procedure for in vitro feeding of Rhiphicephalus sanguineus. Further investigation is necessary. However, the research showed that using perfume made of ethanol probably does not give good results and might even be toxic for the ticks. Also the quality of the ticks is of great importance, it is better to use them only once for the in vitro feeding instead of week after week. And thirdly, to prevent the units from cracking and leaking, they also should be used once, and not be rinsed with ethanol before placing the units in the blood. 
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6.1 Reverse Line Blot Hybridisation results 
















6.2 Protocol ‘Feeding hard ticks in vitro’ (8)




Before placing the ticks on the membranes, they must be preconditioned for at least one week, better 3 weeks, at 20 to 23 °C and 85 to 98% relative humidity, with 10 to 16 h light per day.









Blood should be defibrinated (manually by stirring or by collecting it into heparinized tubes) and supplemented immediately with 2g/l glucose. It should be stored at 4°C.
All blood preparation is carried out in a sterile hood. Gentamycine and ATP are added to the blood just before the blood is exchanged in the wells. ATP must be applied freshly in order to act as attachment and/or feeding stimulus before being metabolized.
5 μl of Gentamycine solution (10 mg/ml in sterile deionised water) is added to 10 ml of blood to achieve a final concentration of 5 μl/ml blood. When using a 50 mg/ml solution, 1 μl is added to 10 ml of blood.
100 μl of ATP solution (0.1 molar in NaCl 0.9%), sterile filtered (at 0.2 μm) is added to 10 ml of blood to achieve a final concentration of 10-3 molar in the blood.
The amount of blood required for each well is 3.1 ml. 
The well plates are then covered with the well lid and warmed to 37°C in the water bath prior to adding the feeding units.
In all experiments, blood must be exchanged twice daily at 12 hour intervals (max interval 14 h) in each well.
During an experiment, the membrane surface facing the blood is rinsed with sterile saline before placing the feeding unit in a fresh well (with ticks still attached).
Fungal infections under the membrane are treated daily with Nystatin solution (10,000 units/ml DPBS) for 10 min. during the blood exchange when the daily evaluation of ticks is made.

3. Membranes
Preparation of the silicone mixture
Needed:
-	Silicone glue RTV-1 Elastocil E4 (Wacker-Chemie GmbH, Munchen Germany), with very low shore hardness
-	Silicone oil (30% DC 200, ~ 10mPa.s, Fluka, Switzerland) to increase softness and reduce ‘frog grip’ 
-	15 % Hexane to render the glue more fluid for application

Note: the mixing should be done under dry conditions (as a low relative humidity as possible) to reduce the polymerization of the silicone to a minimum. 
Worked example:
o	60 g (15 g) Wacker Silicone E4
o	0.6 g (0.15 g) Wacker FL color paste (1% of the silicone) 
o	18 g (4,5 g) FLUKA DC 200 silicone oil (30% of the silicone)
o	11.7 g (2.9 g) Hexane (technical quality, 15% extra weight)
(Quantities for a smaller amount are given in brackets)

Creating the membranes
Kodak lens cleaning paper (70x120 mm), a non-woven tissue made of regenerated cellulose rayon (Eastman Kodak, Rochester, NY) is used as a matrix. The lens paper is placed on a layer of kitchen plastic film (about 30 cm wide) which has been laid on a glass sheet (fixated with adhesive tape). Make sure that there is a 30 mm working space between each lens paper. The lens paper is held down with sticky tape. The silicone mixture is spread evenly over the lens paper using an 80 mm wide scraper from a sheet of silicone (3 mm thick).
Membranes are left to polymerize for 12 h at room conditions, or to accelerate polymerization, for 4 to 6 h in 80 to 90% humidity at 25°C.
The thickness of every membrane is measured using micro calipers, and only those between 70 and 110 μm are used.

4. Feeding units: preparation
Needed:
-	Feeding units (Plexiglas® tubing)
-	Glass fiber mosquito netting
-	70% ethanol
-	Plastic tile spacers (2 mm thick)
-	Fine paint brush, silicone glue

The feeding units are made of Plexiglas® tubing (26 mm i.d., 2 mm wall thickness, 45 mm high) with a ring made of acrylic glass fixed around each tube to limit the depth (4 mm) to which the unit sinks into the blood in the wells.
The feeding membrane is attached to the ‘short’ (closest to the ring) end of the tube using silicone glue and left to dry (min. 3 h).
To improve the attachment rate of the ticks to the membrane, a piece of glass fiber mosquito netting (1.4 mm mesh, 25 mm diameter) is cut out to fit into the feeding unit.
The netting is glued to the membrane in the feeding unit with silicone glue and left to dry. Spread out excess silicone glue with the help of a fine paint brush.
Following this, the membranes are cut flush with the outer wall of the feeding unit using scissors and the plastic kitchen film is removed. The feeding units are checked for leaks by sitting them in Petri dishes with 70% ethanol for 20 min.
It is critical that the ethanol does not enter the feeding unit!
Check for any holes in the membrane under a stereo microscope and repair any small holes using silicone glue diluted with 40% toluene with a fine paint brush. Strictly avoid applying thick drops of silicone.
A plastic tile spacer (2 mm thick tile spacer, size of the 4 arms adjusted to the 26 mm diameter of the feeding unit) is placed on the membrane to create additional borders where ticks prefer to attach.

5. Attachment stimuli: preparation
Attachment stimuli consist of cow hair and cow hair extract.
Needed:
-	White or light colored cow hair to add to the feeding unit and to prepare cow hair extract
-	Dichloromethane (DCM, Merck, extra pure grade)

White or light colored bovid hair is shaven from a non treated animal. The color of the hair is important in order to see the ticks in the feeding units, but unimportant for the cow hair extract (see below).
Hair is cut into 4 to 7 mm pieces and kept frozen (-20°C) in a jar for adding to the feeding unit and for preparing the cow hair extract

Preparation of cow hair extract
50 g Hair is cut off a young light-colored cow on one side and collected in a beaker. An extraction is made in three successive 20 minute steps to increase the yield.
Use only glass materials with the DCM (i.e. pipets, beakers)!!
o	Add 250 ml of DCM to the 50 g of cow hair, leave for 20 min.
o	Then remove about 100 ml of the DCM solution.
o	Replace this with a fresh 100 ml of DCM, leave this for a further 20 min, then again remove about 100 ml of DCM.
o	Repeat this extraction with 100 ml of DCM on more time.
o	Remove as much as possible of the DCM solution left.

The removed extracts are combined. 
To remove hairs and dirt: either the extract is centrifuged at 3000 rpm for 20 minutes and the supernatant is removed or the extract is filtered (Machery & Nagel glass fiber filter MN GF-2, 0-5 μm pores, Duren, Germany). Filtering is the best option and can be done using a vacuum filtering system.
The extract is concentrated by roto-evaporation (at about 60°C). The DCM will evaporate during this step, leaving the lipids from the cow hair. These lipids can be dissolved again in DCM, to about 100 ml. This can be stored in a freezer at -80°C. 
The amount of material of low volatility per unit volume (henceforth indicated as the ‘low volatile mass’, LVM) is estimated by evaporating 1 ml of extract on a glass slide and weighing after 30 minutes at room temperature. The stock solution is adjusted to 100 mg LVM/ml.
A working solution of 7 mg LVM/ml can be made, by diluting the stock with DCM. The working solution is kept at -20°C prior to application on to the feeding membrane.

6. Attachment: application of stimuli and placing the ticks in feeding units
-	Cow hair extract: 75 μl is applied to the membrane with a micropipette. The feeding units are placed for 15-30 min on a metal grid placed on top of a hot plate at 40 °C, to evaporate the solvent (DCM). 
-	The feeding units are placed in a six-well cell culture plates ( COSTAR, 34.8 mm diameter) with 3.1 ml of the blood and warmed to 37°C using a thermostat-controlled water bath (740 mm long x 540 mm deep x 215 mm high) with a sloping Perspex hood, to keep the air above the feeding units near 100% R.H. A warm plate may also be used, but stable temperature in the blood must be assured and high humidity around the feeding units must be maintained. ! Important: the bath must be subject to a 16:8 h light: dark cycle, this is critical for attachment.
-	The six-well plates with the feeding units are placed on a metal support submerged 15 mm below the water surface in the water bath. 
-	The ticks are put into each feeding unit with soft forceps, covered with 1 cm layer of cow hair, cut to a length of 4-7 mm. The ensemble is held down with a brass grid (25 mm diam., 3 mm mesh, 0.55 mm wire). Each feeding unit is closed with a perforated stopper (0.5 mm Sefar plastic mesh) ! Important: placing the ticks in the feeding units must be carried out towards the end of the 16:8 h light: dark cycle, to encourage attachment.

7. Recording data on compounds tested
-	Four feeding units are used for each compound at each dose level.
-	The ticks are evaluated once a day to count the number of living and dead ticks attached to the membrane, as well as the unattached ticks living and dead ticks. All dead ticks are removed from the feeding units. Knock down observations are also made. 
-	If a large amount of tick feces accumulates this can be removed by gently tapping the feeding unit upside down, being careful not to dislodge any of the ticks. Sometimes feces get stuck, especially to mating ticks and need to be removed. This is done by dislodging the feces with a pair of forceps, being careful not to dislodge the feeding ticks.

8. Statistical analysis
Survival curves are calculated from the numbers of dead ticks recorded per day over the different doses of each treatment, using the Kaplan-Meier Statistics (KLEINBAUM,1995) with Peto test of the survdiff algorithm in S-plus (V.6.2. build 6713). 

9. List of materials and suppliers
Chemicals, catalogue numbers and suppliers
-	NaCl (Fluka 71380, pa, >99.5% (AT), for saline at 9 g/l (www.sigmaaldrich.com)
-	Glucose (D(+)- Glucose Monohydrate, Fluka 49159, > 99% (HPLC)
-	ATP (Fluka 02060, > 95.0% (HPLC)), 10-3 mmolar in the blood
-	Gentamycine solution (Sigma G1272, sterile filtered 10 mg/ml), 5 μg/ml blood or Gentamycine sulfate (Sigma G3632)
-	DMSO (dimethyl sulfoxide, Fluka 41650, >99.0% (GC)), 2.5 μl/ml blood as solvent for test products
-	Fipronil (Riedel de Haan, Pestanal 46451, > 97.5% (HPLC)), reference acaricide
-	Nystatin solution (SIGMA N-1348, 100 units/ml) (www.sigmaaldrich.com)
-	Hexane (technical grade)
-	Toluene (Merck, supraSolv, No. 1.08389.1000)
-	Dichloromethane (DCM, Merck, SupraSolv, No. 1.06054.1000)
-	Silicone oil DC200 ~ 10mPa.s 250 ml FLUKA No. 85411

Feeding units, catalogue numbers and suppliers
-	Tubes Plexiglas  XT clear 29070 (www.roehm.de/en/plexiglas.html)
-	External diameter 30 mm, internal 26 mm, wall 2 mm (for corpus)
-	External diameter 40 mm, internal 30 mm, wall 5 mm (for ring)
-	ACRIFIX  106, glue for ring around the feeding unit, from Plexiglas or Rhoem
-	Stopper (PE-Caps), 26 mm with 15 mm hole, PET netting glued with hot glue (BOSCH)
-	Polyester Netting Sefar, Switzerland, PET 1000 18-180W PW (www.sefar.com)
-	Glass fiber mosquito netting, grey, HSB Phifer Inc. Tuscaloosa, AL, USA (www.phifer.com), Art-No 257251, on membrane
-	Tile spacer, 2 mm cross, white plastic, Germany 

Filters
Glass fiber filter MN GF-2, 0.5 μm pore (Macherey & Nagel, Germany) or other.

Membranes, catalogue numbers and suppliers
-	Kitchen roll of PE cling film (Tangan No11, house brand from Migros Switzerland)
-	Silicone oil DC 200, ~10 mPa.s, Fluka 85411, Switzerland
-	Wacker ELASTOSIL  E4 RTV-1 Silicone Rubber (www.wacker.com/internet/noc/Products/ProductsAZ)
-	Wacker ELASTOCIL  COLORPASTE FL white RAL




6.3 UCTD protocol February 2011

6.3.1 DNA isolatie uit bloed
In de B3 buffer kan neerslag gevormd zijn als deze lang niet gebruikt zijn. Verwam deze buffer in een waterbad tussen de 50-70°C tot de neerslag is opgelost.
1.	Pipetteer tot 200µl bloed en 25l Proteinase K in een 1,5ml epje (Proteinkinase K ligt in de diepvries).
2.	Voeg 200l B3 buffer toe en vortex goed (10-20s).
3.	Incubeer de monsters 5 minuten bij kamertemperatuur.
4.	Incubeer vervolgens 15 minuten bij 70°C op het hitteblok (De monsters moeten nu bruinig kleuren, is dit niet het geval of wordt met oud bloed gewerkt, dan kan de incubatietijd verlengd worden tot 30 minuten. Vortex enkele keren goed).
5.	Draai de monsters kort af.
6.	Voeg 210 µl 96-100% ethanol toe.
7.	Vortex de monsters 
8.	Breng de monsters over op correct gelabelde Nucleospin kolommen
9.	Centrifugeer 1 minuut op 11.000 x g en verwijder de doorgelopen vloeistof.
10.	Voeg 500µl BW buffer toe en centrifugeer 1 minuut op 11.000 x g. Verwijder de doorgelopen vloeistof.
11.	Voeg 600µl B5 buffer toe en centrifugeer 1 minuut op 11.000 x g. Verwijder de doorgelopen vloeistof.
12.	Centrifugeer vervolgens nog een keer 1 minuut op 11.000 x g.
13.	Plaats de colom in een nieuwe, steriele, 1,5ml epje. Label dit epje correct. (bloedID + Datum.)
14.	 Pipetteer vervolgens 100µl voorverwarmde BE buffer direct op het membraan en incubeer gedurende 1 minuut.
15.	Centrifugeer 1 minuut op 8.000  x g en vervolgens nog 1 minuut op 11.000 x g.
16.	Bewaar het verkregen DNA monster bij -20.

6.3.2 DNA isolatie uit teken
In de T1 en B3 buffer kan neerslag gevormd zijn als deze lang niet gebruikt zijn. Verwarm deze buffers in een waterbad tussen 50-70°C tot de neerslag is opgelost.
Zet tevens een waterbad aan op 56°C en een hitteblok op 70°C. Voorverwarm de BE buffer op 70°C.
Voor je begint, verwijder de blender delen en was deze in een buis met gedemineraliseerd water.  Droog de onderdelen en zet de blender weer in elkaar. Vul tevens het sonificatiebad met gedemineraliseerd water.

1.	Was de teek in het sonificatiebad gedurende 20-30 seconden, controleer eventueel onder de microscoop of de teek schoon getrild is. 
2.	Stop vervolgens de individuele teek in een epje, welke ruim wordt aangevuld met 70% alcohol en vortex de teek gedurende 5 tot 10 seconden. 
3.	Was de pincet eerst in 70% alcoholen vervolgens in gedemineraliseerd water.
4.	Haal de teek uit het epje, het epje kan vervolgens gesloten in de gele bak weg gegooid worden, en laat deze enkele tellen drogen op een tissue of filter papier.
5.	Wanneer de teek droog is, plaats deze dan op een rond filter papier en snij hem voorzichtig met het scalpel mesje in 2, of als het een grotere teek is in 4, stukjes. Neem voor elke teek een schone plek op het filter.
6.	Doe deze stukjes teek in een 2 ml epje en voeg hier 180µl T1 buffer aan toe en label dit epje correct. (Schrijf het nummer van het buisje op, met toevoeging van een letter als er meerdere teken in het buisje zaten en schrijf ook de datum van de DNA isolatie op.)
a.	Blender de teek tot er nog maar zeer kleine stukjes over zijn.
b.	Verwijder de blender onderdelen en was deze in gedemineraliseerd water, vervolgens in 70% alcohol en hierna weer in gedemineraliseerd water.
c.	Droog de onder delen en zet de blender weer in elkaar.
Was de pincet, net zoals bij stap b, na de teek uit het sonificatie bad gehaald te hebben en na het in het epje doen van de gesneden tekenstukjes. 
(Ververs om de 5 teken de twee buizen met gedemineraliseerd water en de 70% alcohol)
7.	Voeg 25µl proteinase K toe en vortex. (Proteinase K ligt in de vriezer.)
8.	Incubeer vervolgens 1 tot 3 uur bij 560C. Vortex elk uur. De duur van deze incubatie is afhankelijk van hoe snel de teek afgebroken wordt, maar duurt meestal 3 uur.
a.	Als het hitte blok nog niet aan staat op 700C, doe dit dan voor het laatste uur incuberen en voorverwarm de BE buffer.
9.	Voeg 200µl B3 buffer toe.
10.	Incubeer vervolgens 10 tot 15 minuten bij 700C. Draai de epjes vervolgens kort af in de centrifuge zodat de epjes weer vrij zijn van condensvorming.
11.	Voeg 210µl 100% alcohol toe en vortex.
12.	Centrifugeer 2 minuten op 11.000  x g.
13.	Breng het supernatant over naar een nucleospin kolom en centrifugeer 1 minuut op 11,000 x g . Verwijder de doorgelopen vloeistof. (Voorkom dat stukjes teek, mee genomen worden op de kolom. Label de kolom correct.)
14.	Voeg 500µl BW buffer toe en centrifugeer 1 minuut op 11.000 x g. Verwijder de doorgelopen vloeistof.
15.	Voeg 600µl B5 buffer toe en centrifugeer 1 minuut op 11.000 x g. Verwijder de doorgelopen vloeistof.
16.	Centrifugeer vervolgens nog een keer 1 minuut op 11.000 x g.
17.	Plaats de colom in een nieuwe, steriele, 1,5ml epje. Label dit epje correct. (TeekID + Datum.)
18.	Pipetteer vervolgens 100µl voorverwarmde BE buffer direct op het membraan en incubeer gedurende 1 minuut.
19.	Centrifugeer 1 minuut op 8.000  x g  en vervolgens nog 1 minuut op 11.000 x g.
20.	Bewaar het verkregen DNA monster bij -20.

Leeg na afloop het sonificatie bad en desinfecteer het bad met 70% alcohol.

6.3.3 PCR using Phire Hot Start II DNA polymerase
Master Mix for 1 reaction:
5.0 µl			5x Phire reaction buffer
0.5 µl			10 mM dMTPs (2,5 µl 2 mM solution)
0.5 µl			F primer (20 pmol/µl)
0.5 µl			R primer (20 pmol/µl)
0.125 µl		2U/µl Phire Hot Start II DNA polymerase
15.875 µl		H2O (or 13.875 if using 2mM dNTP solution)
y µl (usually 2,5 µl)	cDNA or DNA











Hold at 4°C/room temperature		∞

6.3.4 Reverse Line Blot (RLB) hybridisatie
Controleer of een PCR beschikbaar is, en schrijf je in voor de tijd dat de PCR gebruikt zal worden. (Tijd begin, tijd eind – Naam. Bij een overnacht PCR kan er O/N geschreven worden als eind tijd.)

1.	Combineer en verdun de verkregen PCR producten in een 1,5 epje. Neem van elk PCR product 10 µl en vul dit aan tot een totaal volume van 160 µl met 2x SSPE/0,1% SDS. (B.V. 10 µl Anaplasma/Ehrlichia PCR + 10 µl Babesia/Theileria PCR + 140 µl 2x SSPE/0,1%SDS. De verdunning van de PCR producten kan ook de dag voor de RLB gedaan worden, de verdunde monsters kunnen vervolgens bewaard worden in de koude kamer.) 
2.	Denatureer de verdunde PCR producten gedurende 10 minuten bij 100°C op een heating block en koel vervolgens de epjes meteen op ijs. Centrifugeer, short spin, de epjes kort nadat ze zijn afgekoeld.
3.	Incubeer tijdens de denaturatie van de PCR producten het RLB membraan gedurende 5 minuten in ±100ml 2x SSPE/0,1%SDS bij kamertemperatuur onder zacht schudden. 
4.	Plaats het membraan op een ondersteunend kussen in de miniblotter, met de sloten van de miniblotter haaks op de aangebrachte probes op het membraan.
5.	Verwijder de buffer uit de sloten van de miniblotter met behulp van vacuüm.
6.	Pipetteer vervolgens de PCR verdunde producten in de sloten. (De sloten kunnen 150 µl bevatten dus je houd 10 µl van de 160 µl over. Deze overmaat is zodat de gehele slot gevuld kan worden ZONDER luchtbellen. Wanneer luchtbellen ontstaan, zuig met behulp van de pipet het monster weer op en pipetteer opnieuw tot dat er geen luchtbellen meer in de slot aanwezig zijn.)
7.	Laat de PCR producten gedurende 60 minuten hybridiseren bij 42°C in de stoof zonder te schudden. 
8.	Zet alvast 30ml 2x SSPE/0,5%SDS in een tube in de stoof bij 42°C om op temperatuur te komen. 
9.	Verwijder de monsters met behulp van vacuüm.
10.	Was het membraan 2x met ±100ml voorverwarmde 2x SSPE/0,5% SDS gedurende 10 minuten bij 50°C onder rustig schudden in het waterbad.
11.	 Incubeer het membraan met 30 ml 2x SSPE/0,5% SDS + 5 µl streptavidine gedurende 30 minuten bij 42 in de stoof onder rustig schudden. Zet het waterbad op alvast op 42°C met de 2x SSPE/0,5%SDS zodat beide op de juiste temperatuur komen.
12.	Was het membraan 2x met ±100ml 2x SSPE/0,5% SDS gedurende 10 minuten bij 42°C onder rustig schudden.
13.	Was het membraan 2x met ±100ml 2x SSPE gedurende 5 minuten bij kamertemperatuur onder rustig schudden. 
14.	Verwijder de 2x SSPE.
15.	Spreid 10ml ECL (5ml ECL1 + 5ml ECL2, koude kamer) over het membraan door met de hand de bak heen en weer te bewegen tot het volledige membraan bedekt is met ECL.
16.	Plaats het membraan tussen 2 overhead sheets of tussen keuken folie, voorkom luchtbellen.
17.	Plaats het membraan in de foto cassette.
18.	Ga naar de donkere kamer op de 5e verdieping en plaats de x-ray film op het membraan. (Markeer hoeken zodat het uiteindelijk makkelijker oriënteren is.)
19.	Belicht de x-ray gedurende 10 minuten.
20.	Ontwikkel de foto met behulp van het ontwikkelingsapparaat.

RLB membraan strippen
Plaats de 1% SDS oplossing in het waterbad en laat beide opwarmen tot 80°C.
1.	Was de gebruikte membraan 2x met 1% SDS oplossing gedurende 30 minuten bij 80°C onder rustig schudden.
2.	Wanneer er gedurende langere tijd geen gebruik gemaakt wordt van het membraan volgt nog 1x wassen van het membraan met 20mM EDTA oplossing gedurende 15 minuten bij kamertemperatuur.







Fig. 2	Construction drawing of the feeding 
unit made from acrylic glass tubing, 
scale 2:1 in mm; measure (A) should have ≤0,1mm tolerance to ensure an equalized layer of blood under the membrane. Measure (C) should be checked for easy fitting without too much play in the well

Fig. 3	Left: Bonbon from organza 
paper. Right: The bonbon fits the unit precisely. 

Fig. 4	Above: Waterbath with triangular 
cap. 
Below: Waterbath covered with blanked. 

Fig. 8 	Arrangement to let the ethanol 
evaporate faster

Fig. 7	Attached male and half engorged female D. reticulatus

Fig. 11	 RLB results Feeding 8 and Feeding 9 (date: 23-5-2013)


Fig. 10	 RLB results Feeding 5 continuation and Feeding 7  (date:  3-5-2013)


Fig 9.	RLB results Feeding 5 and Feeding continuation 4 (date: 18-4-2013 and 19-4-2013)






Fig. 6	Schematic representation of the RLB assay (13)

Fig. 9	Dead tick on his back 
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